lmmunohistochemical and in situ hybridization studies of choline acetyltransferase in large motor neurons of the human spinal cord by Oda, Yoshio et al.
Histol Histopathol (2000) 15: 689-696 
http://www.ehu.es/histol-histopathol 
Histology and 
H istopat hology 
Cellular and Molecular Biology 
lmmunohistochemical and in situ 
hybridization studies of choline acetyltransferase 
in large motor neurons of the human spinal cord 
Y. Muroishi, S. Kasashima, I. Nakanishi and Y. Oda 
First Department of Pathology, Faculty of Medicine, Kanazawa University, Kanazawa, Japan 
Summary. The localization of choline acetyltransferase 
(ChAT) protein and mRNA was investigated in large 
motor neurons of the lumbar spinal cord of 10 autopsied 
individuals without neurological diseases, by 
immunohistochemistry and in situ hybridization. In the 
immunohistochemistry using 20 serial tissue sections 
with a total thickness of 80 pm, about 58-85% (average 
67%) of the large motor neurons (30 p m  and more in 
somal minimal diameter) in the ventral horn were 
stained with the anti-human ChAT antibody. In the 
positive neurons, most immunoreactive products were 
observed focally in the perikarya. Occasionally, the 
perikarya of some neurons were stained diffusely. In situ 
hybridization with a single 4 pm-thick tissue section 
showed that almost all large motor neurons had positive 
signals (93- loo%,  average 98%), which were  
distributed diffusely in the perikarya. The positivity rate 
in the in situ hybridization was higher than that in the 
immunohistochemistry for all 10 cases. These results 
indicate that ChAT mRNA is transcribed in almost all 
large motor neurons in the ventral horn of the human 
spinal cord, but ChAT protein cannot always be detected 
in the cytoplasm by immunohistochemistry. 
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Introduction 
Choline acetyltransferase (ChAT, acetyl CoA: 
choline 0-acetyltransferase, EC 2.3.1.6), the enzyme 
responsible for the biosynthesis of acetylcholine, is 
presently the most specific indicator for monitoring the 
functional state of cholinergic neurons in the central and 
peripheral nervous systems. Motor neurons in the spinal 
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cord are one of the representative cholinergic neurons. 
Previous immunohistochemical studies on experimental 
animals, such as rat (Houser et al., 1983; Barber et al., 
1984; Borges and Iversen, 1986) and cat (Woolf, 1991) 
have shown that not only perikarya but also the cell 
processes of almost all motor neurons in the spinal 
ventral horn are diffusely stained with anti-ChAT 
antibodies. In situ hybridization studies of rats have 
revealed that positive grains are observed evenly in the 
perikarya of most motor neurons of the ventral horns 
(Ibhfiez et al., 1991a; Butcher et al., 1992; Lauterborn et 
al., 1993; Mori et al., 1993). However, our previous 
study on the human spinal cord demonstrated that most 
of the immunoreactive products for ChAT are observed 
focally in the perikarya of large motor neurons, and that 
several  of the cel l  bodies  of motor neurons lack 
immunoreactive products for ChAT (Oda et al., 1995). 
Our morphological observations are quite consistent 
with the results of a biochemical study using human 
materials (Kato and Murashima, 1985). 
In the present study, we performed immunohisto- 
chemistry and in situ hybridization (ISH) on the human 
spinal cord to investigate the locational relationship 
between ChAT protein and mRNA in the perikarya of 
the large motor neurons. 
Materials and methods 
Tissue specimens 
Lumbar enlargement segments of the spinal cords 
were obtained at autopsy from 10 adult individuals with 
neither a clinical history nor pathological findings 
suggestive of neurological or psychiatric diseases (Table 
1). The spinal cord was sliced at approximately 5-mm 
thickness, fixed in freshly prepared 4% para- 
formaldehyde in 0.1M sodium phosphate buffer (pH 7.4) 
and embedded in paraffin. For conventional light 
microscopic examination, deparaffinized tissue sections 
were stained with hematoxylin-eosin, Bodian or Kliiver- 
Barrera. 







